W/Z Production & Asymmetries
at the Tevatron

David Waters
University College London

* on behalf of the CDF & D0 Collaborations

2 ',? 8 - What are we Measuring & Why ?

-~ B - Tevatron & CDF

*-'f ¥ | - Cross-Sections

« Asymmetries

| * W Mass & Width

':' f i+ Perspectives & Conclusions

ol dddd T
ddddd2d

ey
“ jj.!.l

»>

‘‘‘‘‘‘

23 May 2006 W/Z Production & Asymmetries at the Tevatron




W & Z Production w

pr distribution

Wiz + Corrections :
Higher orders (EW,QCD)
] / Non-perturbative

-
Leading Order picture : 1
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rapidity
distribution

angular & mass distributions :
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What Measurements & Why ?

W & Z Inclusive Cross-Sections
* Tests of (N)NLO perturbative QCD.
* Demonstrate systematic understanding of lepton ID,
trigger efficiencies & backgrounds at 1-2 % level.
* Provide extremely well understood event ensembles
for energy & momentum scale determination.
+ Starting point for more exclusive measurements

(e.g. W+jets).

Standard Candles

« Tevatron: o=N/L
e LHC : L=N/G

g

.

p
Differential Cross-Sections & Asymmetries
* PDF constraints.
* EWK coupling constraints.
* Tests of perturbative QCD & non-
perturbative phenomenology.
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What Measurements & Why ?

W MaSS : | l. ‘ e Ll I Tl Lol l Tl Tl ‘ { v ) e I Tl x:
i 80.70 | experimental errors 68% CL: .
 Self-energy corrections depend on mass of top quark i LEP2/Tevatron (today) .
and Higgs boson : I | ]
Do CDF & DORun2 ~ *° "
w W W . W W W EBO_SO__ :
_w ,..‘”f:)"'.". ;g : :
2 . i
AMy, «M,, AM,, «InM,, New Physics o x)
i 1 i 80.30
* Equivalent Higgs constraining power : Mszmm:
A(M;op)=1.5 GeV : A(M,,)=10 MeV - = !
0 10 on M : < 0.10 on M :I B | 1 1 1 | Bt il | L b L] | | i Rl | 1 lHelmelrn(TyelrI \llve:glflnlvoel:
(1) ToP ( %) W 160 165 170 175 180 185 190
m, [GeV]

W Width
* Indirect determination can be made with very high precision. CKM constraints:

L, =30 + 3Ky SV, TO
Ino topl

- Direct measurement is sensitive to any deviations from the SM for M(W*) > M,,
* The W width is a less important constraint in EWK fits than the W mass, but is nevertheless a
useful SM test. Employs the same techniques as precision cross-section or mass measurements.
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Tevatron
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The CDF Experiment

DO detector :
next talk

Logging:
50-100 Hz
100’s TB/yr

Drift chamber outer tracker :
op, I py =0.0015x p,  [GeV/c]; |n|<1
Silicon vertex detector :
tracking coverage out to 1 <2.8

Central calorimeter : 0E, /E, = 13.5%/E, ® 1.5% |n|<1.1
Plug calorimeter : coverage out to |1 <3.0

Muon chambers : coverage out to || <1.0
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Inclusive Cross-Sections

» Standard boson selections ( I+E§ ; I'F)

* Mostly employ central lepton triggers.

* 1-2% systematic errors (w/o luminosity) :
» PDF’s
» lepton & trigger efficiencies
» backgrounds

* Results are in good agreement with NNLO

QCD predictions.

. 3
v 3
RN
. =1
P "
Poa% e
(W [A
A 5
)
s A
2R
\ v
i
S
‘l

CDF and D@ Run Il Preliminary CDF and DO Runll Preliminary
351 _ 350
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o * van Neerven a
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Tau Channel w

0 i i -
» to test 3" generation lepton » ¥ reconstruction in EM cal / shower-max
universality, / » neural net (DO)

» as a benchmark for searches ° Trigg.ering strategies :
(especially MSSM Higgs). » single lepton

« Experimentally challenging. » lepton + track
>t +)Z/T

« Interesting channel : . * [solated “pencil-jet” consistent with T decay

o, - BRW — tv) =2.62+0.07 (stat) Z—t(uw)t(hle) Z —1(e)t(h)
+0.21 (sys) £ 0.16 (lum) nb 0, BR(Z — 11) =237 + 15 (stat) 0, BR(Z — 11) =265 + 20 (stat)
?I:% — rv; 20,99 £0.04 (stat) = 0.07 (sy5) 180 +18 (sys) £ 15 (lum) pb +21 (sys)=15 (lum) pb
—ev ,
CDF Run II Preliminary, JI.L=72 ;}JJ % 160 Dg -@- OS-bCkg 140:— CDF I:’ /11

1400:_ W — v number of tracks, associated with the T candidate <D 226 pb-1 Z 1T MC — T 350 pb-1 I:, QCD Di—jets

C 2345 events < 140 * = 1201 =

e
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R(W/Z) & Indirect W Width w

R o, * BR(W — [v)
= 47— < Standard Mode!
. —
0, BR(Z ) ~®— World Average (RPP 2002)

fincludes Run f resuflts)

{from R)
—&—  GDF Il combined
—8—  CDF ll{e)
—a&—  CDF ll{p)

prefiminary

[ SM : 3.370 + 0.024 } [SM :2264+0.3 MeV} tfrom R)

—&— DO la+b(e)
—&——  CDF la(e)

[ LEP : BR(Z—/"I") = 0.033658 + 0.000023 }

» Careful propagation of correlated systematics: ° UA2(e)
R =10.92£0.15 (stat) £ 0.14 (syst) . UAT(e+)
[, =2.079=0.041 GeV  CDF e+, 72 pb*

Loaa o boa Lo b b b bova bvna baa o |

1.81.8 2 2122232425286 22375.8

R =10.82+0.16 (stat) = 0.25 (syst) = 0.13 (pdf) W) GV
DO e, 177 pb-1
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R(W/Z) : New Method

1. Design an analysis optimised for the ratio of cross-sections.
2.  Start with a selection entirely symmetric between W’s & Z's :

D&
R

-
i. Single lepton trigger &
Z ID cuts (E; > 30 GeV) W
ii. A hard cut on the recaoill
(U <10 GeV) to suppress ~—
\ QCD background. el
\ b ﬁA
\ l v J
MET for positrons, scaled by R = 10.546
§ 200 EW-— e v MC
. . . g e CDF Run I
3. Fitfor W & Z fractions in a = 20005 g W~ v v MO Prelim‘::ary
H 1 H H 1 . g 1800;— Z" + .MC
discriminating varlable,ﬁT : £ oo =z»;+;- e | 374 pb"
1400 [ ] QCD from data
1200~ | pata
1000
800F
600
4001
200
00 10 20 30 50 60
MET (GeV)
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R(W/Z) : New Method e

AR/R
CDF
PRELIMINARY electron muon electron (374 pb™)
(72 pb') (72 pb') PRELIMINARY
statistical 0.0170 0.0240 0.0094
PDF 0.0065 0.0081 0.0031 » Significantly reduced. With single
material 0.0028 ] i Ie_pto.n sglectlon, W/Z rapidity
distributions overlap more.
recoil 0.0028 0.0360 0.0040
efficiency 0.0110 0.0990 - » Eliminated.
background 0.0037 0.0081 0.0250 » Increased. QCD background at low
missing-E; (DY tail) _ _ 0.0050 recoil &/E/T is uncertain. Under
) investigation.
total systematic 0.0150 0.0160 0.0260
stat. + syst. 0.0220 0.0290 0.0276 > 60000
f Sk — wMC
£ 50000
. . e . i 0 —2ZMC
Preliminary systematic study & Recoil distribution for signal 40000/~
comparison with earlier analysis. & QCD background i — Cebjiemass,
30000; CDF Run Il Preliminary
zoooog
R =10.55+0.09 (stat) = 0.27 (syst)

‘..10....20..‘.30.‘..40 = =
Recoil Energy (GeV)

°°

CDF e PRELIMINARY, 374 pb-
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Drell-Yan do/dM

-

(.

pp — Z/y* —["I" (+X)

* A standard measurement at hadron colliders :

» control sample for searches (Z', SUSY dilepton channels)
» PDF constraints.

Vs

increases at high masses.
* Backgrounds small.
* Bin size > resolution.

* Single lepton triggers (di-lepton triggers can be used in future)
* Low mass sculpting due to triggers/cuts (20/10 GeV CDF; 25 GeV D0). Geometric & kinematic acceptance

matrix unfolding

bin-by-bin correction

2

~_ 10 E
CDF 1l " o data % * CDF Il Preliminary | ® g D@ Run Il Preliminary
.. 10 S i -1
103 Preliminary -- all background 'E 337 pb! E w0l 177 pb
337 pb! ’ _ % _ g
-- Drell-Y an muons N —Z7Z/ly - u" p e Data
L, | pp v wu . — NNLO theory
p — _
‘ ; - 5 pp—ZIy —e'e
102 - lepton+fake [}
| f~] 10-1
-- Wgamma* 10 '1:
10'2;—
10 10 - :
] 10'35— ]
10 10"';— I
1 F
M A I | | | Lol
T T T T T \‘ T -5 1 L 1 L Ll 1 1 L1l L b
20 40 60 80 100 120 140 160 180 200 50 100 150 200 250 300 %70 80 90100 150 200 250 300 350400
L dimuon mass di-muon mass (GeV/c?) Mee (GeV/c?) )
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Arg (1) B ¥

Vs

Forward-Backward Asymmetry :

l+

\&

) 2}
.

100 do .

Opgy = f —  dcos0
0-D dcosO

Op —Op

App =——

O, + Oy

]

= f(u,d,e axial & vector couplings)

~N

» With charged leptons in the final state,
there is no sign ambiguity - useful
neutral current coupling constraints :

= 1 H1 (v -a_-va,PDF)
== LEP preliminary
—— CDF 72 pb"!
0.5
68 CL
0
N\
-0.5 D
-1 * Standard Model
H1
-1 -0.5 0 0.5 1
PRD 71, 052002 (2005) a,

23 May 2006 W/Z Production & Asymmetries at the Tevatron 13




Arg (1) DS

* With larger integrated luminosities, the focus is on more precise measurements at high
invariant mass : new physics can interfere with SM to generate deviations.

« Statistically limited : systematics (energy scale, resolution, backgrounds) ~ 10%.

» New methods being developed to fit fully differential cos(0") distribution.

1
1 CDF Run [! Prehmmary 364 pb °'8;“ + !
0.6 = o s
oal |1 T
0.2 !
of
i D@ Run Il Preliminary
0.2 : 177 pb '
= - e Data
s AR ZGRAD
T : st S : Lt PYTHIA
CQ. B i T Unfolded (total err) ......... 0.6 —— Z'sm: M = 600 GeV
e S Z'su: M = 800 GeV
0.8F == Unfolded (stat.err)...... P e e
£ ; L pp > Zly —ee
50 100 200 300 600 0 80 90100 150 200 250 300 350 400

M., (GeVic’) Mee (GeV/c?)
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Drell-Yan do/dy w

4 2 Z/y Rapidity
NNLO, MRSTO1
5 0.3 I } o Data
Rapidity differential cross-section : g5

l+ 0.2

0.15

pp =72 —=>e'e
337 pb-
DY Run Il Preliminary

pz=pl++pl- l—

Efficiency Errors
Background Subtraction
CTEQ6M PDF Errors

EZ Z
y=lln P

2 EJ—_pZ ° ngh-y — hlgh'X ......... Ene'rg)'/ Scale ® Z-Vertex ® Z p;
’ * Currently statistically T Statistical Error
- limited. E oo
e At leading order : A
M +y \E - —
X

- D2 Run Il Preliminary
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1
-3 2 A 0 1 2 3
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oy (forward region)

» Several aspects make this a difficult analysis :

» Silicon tracking for electron 1D 12<n,6=<2.38
» Different triggering strategy ( E; + ;Z/T) E¢ 20 GeV
» Backgrounds T

O = B = V)= E, >25GeV

2.796 +0.013 (stat) *2% (sys) = 0.168 (lum) nb

* Complementary acceptance with central analysis :

Rg;;”“”fm’d =0.925+0.033 <@mP- RS, """ =0.924 £0.037 4@ PDF constraint

N _ > 0.7
§ 5000— ?F [ -+ Central Region ([n|<1)
8 » e DATA = 0.6F =+ Forward Region (1.2 < |n| < 2.8)
0 B —— W ev + background @ C i g
ﬁ 4000— Uncertainty (background + trigger) g C ,*:’H '*'m
g - Bl oco £ 05 e o
@ - P Wotv +Zsee ] - et
c L o C "Fiws rat e
S 3000/ & < 04 T, -
w C W - e v Candidates C . et =
- electrons in 1.2 <|n|<2.38 0.3 e e
2000 __ : K e
— C 3]
- CDF Run Il Preliminary o aF e T &
L ¥4
E 223 pb! i - T
1000— - - F¥
| 0 1__ e g
| - Hr:*-. ¥ *;"
- : ket ¥4
0 | ) - . i ’ ’ " 0 | IF 5 *‘*'
40 60 80 100 120 ) 0 0.5 1 1.5 2 2.5 3
M, (W) (GeV/c") W Boson Rapidity
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W Charge Asymmetry

 Production asymmetry :

) ) ) generated rapidity [y, or 1]
do, do._

Cdy dy  u(x,)d(x;)-d(x)u(x;)
AGW) = o 4o ", (xp)d(xp)_l_d(xp)u(xp)~F[(d/u)xp,(d/u)xp]
dy dy

e But what we typically measure is the lepton charge asymmetry :

do, /dn-do_/dn
do_/dn+do_/dn

A(m,) = = A(yy)®(V -A4)

-
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# W Charge Asymmetry

N
« Experimental issues are : e os PRD 71, 051104 (2005)
. . 3 CDF-ll Preliminary, 170 pb -
» Forward lepton ID & triggering £ 02 25 <ES <35 GeV
> - —
» Lepton charge mid-identification rates : <o
s
(w=10%e=10"12) 3 o
8 C
» Backgrounds e
« Experimental uncertainties comparable to O2E  RESBOS CTEQE.AM
. . 0.3 } (F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,
eX|St|ng PDF Spreads_ = Phys.Rev.D67:073016,2003)
04 40 extreme pdfsets
-O.Si P I TR RS SR S NS ST S N
4 0 0.5 1 1.5 2 25
- Inl
"g £ 3L CDF-I Preliminary, 170 pb
£ goz—_ssds <45 GeV
) £ r
< 3 L
"g 01—
g L
07~ RESBOS CTEQ6.1M
C (F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,
ol Phys.Rev.D67:073016,2003)
C 40 extreme pdfsets
0.2
- p—>W—>uv - pp—=W —ev
-0.1E T e o B S e s B o T C N e
0 02 04 06 08 1 12 14 16 18 2 035 0.5 1 15 2 2.5
rapidity Inl
& J
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W Production Asymmetry w

s N
v,(y) Va(y2)
w . ! * Preliminary CDF Monte Carlo analysis shows
\ . . . g .
S e " I _ significantly increased sensitivity :
N
P S
N« P
| Uncertainty of PDF 40sets for W and Lepton Asymmetry
0.8 — ——e—— W Asymmetry for 400pb
o Lepton Asymmetry for 400pb
0.61,. = Uncertainty of CTEQ6M PDFs for W Asym. [,
l Uncertainty of CTEQ6M PDFs for Lepton

° Reconstruct the productlon asymmetry % L R .....................
L . =Y CHU T SO BRI P . <o s YU T
distribution A(y,,) directly ? E N
;]

oo _— - — — S
1. Find 2 solutions using M, constraint. A f """"""""" e e A S

2. Weight each by a factor taking into "0 "'%EELEHR'L'E?"“’“ uncertainties: (4°°'°'°"‘)"

. 08 1+ A B I L I L
account production & decay : -3 z < 0 1 2 3
W(Black) or lepton(Blue) rapidity

* w
P ,(xcos0 ,y,,p; )

_ _ charged lepton asymmetry (n,)
3. Resolve dependence on y,, iteratively to

yield A(yy) . production charge asymmetry (y,,)

- /
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W Mass

* Requires exquisite (=10 MeV) understanding of W production & detection.

bias events

from Z's & min-

$*/ ndf 3.13402/6
0.002 Prob 0791847 _
B po -0.00170093 + 8.25653e-05 o N -
B L ~ 200/pb pt 8.653036-05 0.000224639 4 Jﬂ# CDF Run 2 Preliminary
2 o001} 2 :
© - S | E
8 : o 4000(— L ~ 200/pb
£ i 1
S n transfer to energy
) - - 4 .
S -0.001 — scale using W
e [ . e o o 1 electrons rrr“
o - — .
E -0.002 n + i 1
-0.003[— - " P
- CDF Run 2 Preliminary i .
_1 PR i M vl s by by s by M‘l‘m
-0'0040 0.1 0.2 0.3 04 0.5 06 0.7 0.8 0 ; 1_|5 Elp (W e )
—ev
<1/py(n)>
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W Mass

CDF Blinded Mass Fits :

CDF Preliminary Systematic Uncertainty 200 pb-!

> -
& - b
0 : ey . Electrons Muons Common
2 1s00] { e l‘k Systematic [MeV1 | "pun1b) | (Run 1b) (Run 1b)
g [ ¥
® - ) MW“M ! Lepton Energy
1000 Wi 5. Scale & 70 (80) 30 (87) 25
- A i\ Resolution
L .F‘* ‘*l
- # Recoil Scale &
500 » b
:f[ y?/dof = 69/ 58 W, Resolution 50 (37) 50 (35) 50
- '%
0 T Backgrounds 20 (5) 20 (25)
M (ev) (GeV)
° Production &
1500— I
g i ‘thh Decay Model 30 (30) 30 (30) 25 (16)
g | R
] i - t
% 00 L ‘ Statistics 45 (65) 50 (100)
Rk %
o L
- 4 Total 105 (110) 85 (140) 60 (16)
5001~ H
L J‘ ) AN
ﬁf y“/dof =64 /58 W
P a"r‘ . . .
3 , “w...__| * Combined uncertainty 76 MeV (cf Run 1 combined of 79 MeV)
0 e : . - T . . . . .
g0 80 190« Currently finalising analysis details & exhaustive cross-checks.
M:(uv) (GeV)
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Direct W Width w

» Rather than measure the peak region, measure the tail of high mass W’s.

[ Lineshape = Breit-Wigner (M,,,I'yy) ® PDF ® Resolution }

* BW non-Gaussian tails dominate far from the Jacobian peak region.
* Normalise to peak & fit to tail = much less sensitive to details of resolution model than M,

DZ-Run Il Preliminary 177 pb-! Standard Model
> 10°E
& E e Data
~ - — MC+Background
P L [1Background
T 10
& 'UF | 50<m, <100 100 < M, < 200
m ~ || normalisation fit
B region region
10° =
= —_—— Preliminary Result
10 ® DO Run |
——— CDF Run | (e+u)
—— Hadron Collider Avg
1
‘ ‘ —— Preliminary LEP2 Avg
| T T T T I NI [ —— Preliminary World AVg
60 80 100 120 140 160 180 200
M; (GeV) vl in Lol Lol liii ool
1.8 2.0 2.2 24 2.6 2.8
I, =2.011+0.093 (stat) £ 0.107 (syst) GeV (W) GeV
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Conclusions & Perspectives w

* The Tevatron experiments have completed a first round of W & Z measurements :
» Inclusive cross-sections
» Differential cross-sections
» Asymmetries
A next generation of measurements are being designed for enhanced sensitivity to the
underlying physics parameters (couplings, PDF’s etc.)
 Avoiding hard systematics requires the development of new analysis techniques.
* These results are helping to :
» Understand the environment for a precision W mass measurement.
» Define Standard Candles that will be used at the LHC

~

* What will be possible at the LHC ?

4800

4400
4000

T

3600

3200 [
2800

UA2 1990 * How will the LHC environment compare to the Tevatron ?

4.7 pb-

» UA2 W/Z—jj
» CDF/DO0 cannot even

(m;;/100)5 . dN/dm;; (GeVé/2 GeV)

-

. . trigger on these events
60 80 100 120
mjj {GeV)

23 May 2006

W/Z Production & Asymmetries at the Tevatron

23




Backup
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Challenges

Do

Measurement

Observable

Experimental Challenges

* (Differential) Cross
Sections

* (Differential) Event Yields

* Acceptances & Backgrounds

- Jacobean peak : do/dM

* Energy & Momentum Scales

* W Mass o * Detector Response Modelling
oL distribut
epton pr distribution « Production Model
| * Width of do/dM; (dlrect). .= W Mass (direct)
* W Width * Ratio of W/Z cross-sections

(indirect)

» = Cross-Sections (indirect)

* Neutral Current
Couplings &
Electroweak Mixing
Angle

* Forward-backward asymmetry

* Resolution & Smearing
* Backgrounds

* Parton Distribution
Function Constraints

* Rapidity distribution : do/dy

* Lepton angular charge
asymmetry

* Forward lepton ID
» Charge identification
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